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Space Charge Effekts (SCE)
+

Intra Beam Scattering (IBS)
+

Residual Gas Scattering (RGS)
= 

BEAM LOSSES

 → luminosity increase
 → increase beam lifetime     
 → decrease emittance

Quelle [8]

●INTRODUCTION

Equilibrium between 
IBS & e-cooling
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Quelle „Physik der Teilchenbeschleuniger und Ionenoptik“, Hinterberger

beam temperature
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●INTRODUCTION
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Hill`sche DGL transersal temperature
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Quelle [3]

longitudinal temperature

       decrease Δp/p → decrease T
||                                    

 decrease trans. Emittanz → decrease T  
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WORKING PRINCIPLE
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200 keV electron beam
400 MeV/u ion beam



  

WORKING PRINCIPLE
longitudinal cooling force
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WORKING PRINCIPLE

Quelle [7]
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WORKING PRINCIPLE

Quelle [7]

binary collision model 
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WORKING PRINCIPLE

Quelle [7]

binary collision model 
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 WORKING PRINCIPLE
Cooling Force

Quelle [7]
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 WORKING PRINCIPLE

SOURCECOLLECTOR
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Coasting beam 
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WORKING PRINCIPLE

Photocathode    kTC = 10 meV   (can be reduce with low T. [14])
Thermocathode kTC > 100 meV

Produce cold electrons
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Quelle [1,2, 8]
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ESR Elektron Cooler (300 keV)

DIAGNOSTIC & APPLICATION 

Quelle [7]

                        APPLICATION
● MASS MEASURMENT OF EXOITC IONS @ ESR
 
● GSI ESR crystalline beams

                          DIAGNOSTIC 
● longitudinal Schottky (GSI)
● Transversal Schottky (GSI)
● Residual Gas Monitor (GSI)
● Beam Transfer Function 
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Long Schottky

Quelle [3,5]
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Long Schottky

Quelle [3,5]
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Transversale Schottkyspektrum 
(dipol displacement)

Seitenbänder
betatron lines

Quelle [3,5,9]
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Transversale Schottkyspektrum 
(dipol displacement)

Quelle [3,5,10]

1 M H z carrie r frequency
N um ber o f harm onics  : 1
q  is  se t to  0 .3  w ith  a  dq o f 0 .01

01.02.2010 
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Ionization beam profile monitor (IPM)

Phosphor
(Anode)

Quelle [6]

DIAGNOSTIC 

● Spatial resolution 0.1mm
● 10 profiles /ms
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MULTITURN INJECTION

DIAGNOSTIC
Ionization beam profile monitor (IPM)
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DIAGNOSTIC 
Ionization beam profile monitor (IPM)
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Increase phase space → increase IBS → increase min R
beam

 



  

APPLICATION
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APPLICATION 

Quelle [13]

MASS MEASURMENT OF EXOITC IONS @ ESR
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APPLICATION

Quelle R.W. Hasse, M. Steck, ORDERED ION BEAMS, EPAC 00
Quelle: Phys. Rev. Lett., 88, 174801 (2002)

APPLICATION 

→ powerful for highly charged ions beams 
    (Q2) 
→ limited  by the electron temperature

Equilibrium between 
IBS & e-cooling

GSI-ESR

Cooling of ion beams

extreme phase space density

ordered structure
crystalline beam

crystalline 
beam

Xe36+ ions 
CRYRING
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ISSUES

TECHNICAL & PHYSICAL ISSUES

● MAGNETIC FIELD IMPERFECTIONS → kT
||
,  

● BEAM MISALIGNMENT
● SPACE CHARGE OF e-BEAM & COMPENSATIONS

● LOSSES BY RECOMBINATION
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CONCLUSION
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E-cooling is powerful tool  
● for multiturn injections
● to decrease the momentum spread & beam emittance
● to increase luminosity & beam life time

● to generate crystalline beams
● to determinate mass/q for exotic ions
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Photocathode kTC = 10 meV Thermocathode kTC > 100 meV

300 K 90 K

Energy distributions of photoelectrons
“2D”-measurement

 (E|| , E⊥  )

D.A. Orlov et al., APL, 78 (2001) 2721;

Produce cold electrons
BACKUP
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Long Schottky
BACKUP 

Quelle [3,5]

bunched beam

Fluktuation von Stahlteilchen die mit den Synchr..-freq. (fs) oszillieren
→ zusätzliche Seitenbänder 

01.02.2010 
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Transversale Schottkyspektrum 
(dipol displacement)

BACKUP 

Quelle [3,5,9]

01.02.2010 Page-17  

- ungerade Anteil des tunes

- Tune spread

- Chromatisität 

- Emittanze
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 BACKUP
Longitudinal kühlen
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Schottky
BACKUP 

Quelle [3,5]

Kapazitve Pick-up
Schottkysonde @ GSI

Wegen Plattenkopplung
Messung der Spektren
separiert

01.02.2010 
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BACKUP
Kühlkraft

Quelle [3]
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BACKUP
Kühlkraft

Quelle [3]

01.02.2010 Page-5  

v

F


||

ds
dEF =

⊥⊥⊥⊥

⊥

−=
−=

sssF
sssF




α
α

),(
),(

||

||||||||

0),(
0),(

||

||||||

=+−
=−

⊥⊥⊥⊥⊥

⊥

sDssFsm
ssFsm

i

i





⊥

D
v

F
vt

tvrtvrtvr
2

),,(
2

),,(),,(

∂
∂

+
∂

∂
−=

∂
∂  ρρρ

→bestimmt bei e-cooling 
Emittanz

=0
Gleichgewicht



  

v v

vs

i

s

t
vector decomposition

   thermodynamics mechanic
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electron temperature
BACKUP

f = 1
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transversal cooling rate

BACKUP 
Cooling rate

Quelle [3]

 cooling rate (longitudinal)
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s

Quelle [1,2]

magnetized cooling 
(T
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 = T

||
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T
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Adiabatic collision

For interaction times long 
compared to the cyclotron 
period, the ion does not 
sense the transversal 
electron temperature

Seminar Vortrag WS09/10 : 
Electron Cooling

BACKUP

v
i

fast collision

adiabatic 
collision



  

Transversale Schottkyspektrum 
(dipol displacement)

Quelle [3,5]

Argon 18+
100 ms cooling
Ramp to 2 GeV in 700 ms

BACKUP   
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Beam Transfer Function (BTF)

Quelle [5,8]

Übertragungsfunktion (  )
Kicker → Ionenstrahl → Pick up
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Normierte Verteilungsfunktion 
0ρ

Annahme : Ionenstrahl hat keine WW
                   mit seiner Umgebung
                   → sonst mit
                  Koppelimpedanz
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Longitudinale Kühlkraftmessung mit stocha. Heizung

Quelle [5,8]

Verteilung des Ionenstrahls
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Longitudinale Kühlkraftmessung mit stocha. Heizung

Quelle [5,8]

longitudinale
stochastische
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Longitudinale Kühlkraftmessung mit stocha. Heizung

Quelle [5,8]

longitudinale
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Heizung
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Longitudinale Kühlkraftmessung mit stocha. Heizung

Quelle [5,8]

Korregierter Realteil der Transferfunktion
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Measuring the long. cooling force by diffusive heating

Quelle [4,7,8]
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